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Notes about Ch 10
• Do read the material in the text & the 

problems at the end of the chapter
– Problems are realistic in many ways
– Think about the problem case
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IN WHAT WAYS DO WE NEED TO 
BE CONCERNED ABOUT SAFETY 
IN RXN ENGINEERING?
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1 Administrative Policy 4 Protocol

2 Procedural standard operating
procedure

3 Engineering Ventilation Fumehood

CGahance chemical lamp

4 Personal Protective IPPElastdesignlage
equipment PPE go.gs hahdhat steltoe

Shoes



Safety
• Types of reactions
• Reaction operating conditions
• Variability of reactions & process
• Chemical species used
• Complexity of systems
• Reactor type

Chem Rxn Eng Fall 2022 4



Important Note
• Wearing gloves & goggles is the last line of protection, not the 

first!
• 1) Designs

– Material of construction, wall thickness, concentrations and 
quantities, etc.

– Inherently safe design
• Auto-quenching as an example

• 2) Engineering controls
– Pressure reliefs
– Blast shields
– Containment dykes
– Ventilation systems

• 3) Operating Procedures
– Management of Change procedures (MOC)
– HAZOP analyses

• 4) Alarms & warnings
• 5) Personal protective equipment
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Chain Reactions
• Generic Rxn

A  B + C Overall Rxn
niA R∙ ri = ki[CA]ni

initiation step
A + R∙  B + C + R∙ rp = kp[CA][CR]

propagation step(s)
ntR∙  X rt = kt[CR]nt

termination step
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Chain Reactions
• Propagation step can run indefinitely at 

rate rp once initiated by ri

• rt terminates the reaction

Chem Rxn Eng Fall 2022 7



Chain Reactions
• Activation of the chain reaction is 

generally dominated by the initiator
– Frequently the Ei is high and Ep is low

• For the overall rxn:
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Chain Reactions
• Overall Rate

– Do PSSA on CR

– Get
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Example 10-1
• Consider the chain reaction
A  R ri = kiCA
A+R  B + C + R rp = kpCACR
R  X rt = ktCR
in a CSTR assuming constant density.
a) Write out the mass balance equations for A, B, R and X 

in a CSTR assuming constant density.
b) Find the overall reaction rate in terms of CA
c) Find the residence time required for 90% conversion of 

A in a CSTR assuming PSSA if CAo = 2.0 M, ki = 0.0010 
sec-1, kp = 20 L/mol sec, kt = 0.10 sec-1.

d) What are CR and CX for this conversion?
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Examples of Chain Reactions?

• Polymerization
• Nuclear fission
• Acetaldehyde decomposition
• Autooxidations forming peroxides
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Thermal Ignition
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Combustion Reactions
• Also chain reactions
• Highest risk reactions commonly 

performed by chemical engineers
– Highly exothermic
– Can become very non-isothermal

• The temperatures and pressures 
generated during a runaway reaction can 
be catastrophic to the reactor vessel
– Think back to the T and P calculations we did 

about the methane leak in the room
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What-Ifs
• When we design a reactor we have to

think about the “what-ifs”
– Overfill/underfill reactor
– Heat exchanger fails
– Vessel leaks
– Stirring stops
– Reactor plugs
– Wrong material fed to reactor
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Control Concerns
• Temperature
• Filling
• Flowrates
• Pressure
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Material Hazards
• Many of the chemicals we work with are 

hazardous and have high risks
• We have to think about what would 

happen if a release occurred
– Before anything happens
– Too late if something already has 

happened

Chem Rxn Eng Fall 2022 19



Material Hazards
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Materials Hazards
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Reactor Design & Safety
• Reactor size
• Reactor material
• Wall thickness
• Temperature management
• Pressure relief
• Chemical components & intermediates
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Peters, Timmerhaus
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Monsanto 
Explosion, 

Sauget, Illinois
(Fogler, Elements of 
Chemical Reaction 
Engineering, 4th ed)

Chem Rxn Eng Fall 2022 26


